Nerve growth factor promotes the repair of corneal nerves in diabetic rats by 叶立军










Nerve growth factor promotes the repair of corneal nerves  
in diabetic rats  
 
叶立军 
      指导教师姓名: 余福新 教授 
 胡皎月 助理教授 
      专  业 名 称: 生理学 
      论文提交日期: 2017年 4月 
      论文答辩日期: 2017年 5月 
      学位授予日期: 2017年  月 
          
                      答辩委员会主席：刘祖国 


















































































































声明人（签名）：叶立军             






















（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 






声明人（签名）：叶立军             


















右眼分别为 Ctrl + BSA 组和 Ctrl + NGF 组，糖尿病大鼠左、右眼分别为 DM + 
BSA 组和 DM + NGF 组，并在实验条件下饲养。第 6 周末检测四组角膜敏感度，
然后分别在大鼠左、右眼滴加浓度 15ug/mL 的牛血清白蛋白（Bovine Serum 
Albumin, BSA）溶液、NGF 溶液，连续 2 周，每天 3 次，每次 20 uL。第 8 周
末检测四组角膜敏感度，并取下一部分角膜通过免疫荧光染色技术观察角膜基
底层中央神经密度的变化。余下的角膜进行等面积的角膜上皮刮除，刮除后继
续滴加 BSA 和 NGF 溶液 7 天，并在刮除角膜上皮后，分别在 0、24、36、48
小时检测角膜上皮的修复；在第 2、4、7 天检测角膜敏感度的恢复。第 9 周末，
分别检测角膜基质和三叉神经节中 NGF-β、TrkA、Akt、p-Akt 的变化，并检测
角膜神经密度。 
结果：造模后第 6 周末，糖尿病大鼠角膜敏感度低于正常大鼠。第 8 周末和第
9 周末，糖尿病大鼠角膜敏感度以及角膜中央基底层神经密度较正常大鼠低，
但 DM + NGF 组的角膜敏感度较 DM + BSA 组的高。角膜上皮刮除后，正常大
鼠角膜上皮的修复速度较糖尿病大鼠的快，滴加 NGF 能促进角膜上皮的修复。
糖尿病大鼠与正常大鼠的角膜上皮和基质中 NGF-β 的浓度无显著性，但滴加 
NGF 能使角膜上皮和基质中 NGF-β 含量增加，四组三叉神经节中 NGF-β 含量
无显著差异。在角膜基质层检测到神经与 TrkA 共表达，并且在糖尿病大鼠角
膜基质和三叉神经节中 TrkA 表达量较正常大鼠的低，滴加 NGF 能进一步降低
角膜基质中 TrkA 的表达，却促进三叉神经节中 TrkA 的表达。糖尿病大鼠角膜
基质中 Akt 和 p-Akt 的含量都较正常大鼠的低，滴加 NGF 能使角膜基质中 Akt
和 p-Akt 的含量都增加，Akt, p-Akt, p75NTR, β-tubulin-Ⅲ 在糖尿病大鼠和正常

















促进角膜上皮愈合，NGF 的作用机制与 NGF-TrkA-Akt 信号通路有关。 





























Objective: To explore the effect of nerve growth factor (NGF) on corneal nerves of 
diabetic rats, and to explain the molecular mechanism. 
Methods: Type 1 diabetes model rats were induced by intraperitoneal injection of 
streptozotocin (STZ). Six weeks after the model were successfully established, 
corneal sensitivity were tested between the control and diabetic rats, then the left or 
the right eyes of control and diabetic rats were made as Ctrl + BSA group or Ctrl + 
NGF group and DM + BSA group or DM + NGF group. Based on the groups, the 
eyes of four groups were received topical application of BSA or NGF eye drops 
(15ug/mL) three times a day (9 am, 13 pm and 17 pm) for two weeks, and then the 
corneal sensitivity and part of corneal nerves density were detected, in the next, the 
same area of epithelium of remaining corneas were scraped and continued eye drops 
for one week, during the week, the repaired area of corneal epithelium were measured 
through Sodium fluorescein staining in 0, 24, 36, 48hours after scraped and the 
corneal sensitivity were measured in 2, 4 and 7 days after scraped. At last, the cornea, 
corneal epithelium, corneal stroma and trigeminal ganglion were separated from rats, 
Immunofluorescence staining was used to evaluate the corneal nerves density and the 
co-expressing of TrkA and corneal nerves, ELISA was used to test the level of beta 
NGF in corneal epithelium, stroma of cornea and trigeminal ganglion, Western blot 
was used to test the TrkA, p75NTR, β-tubulin-Ⅲ, Akt and p-Akt in corneal stroma or 
trigeminal ganglion.  
Results: The corneal sensitivity of diabetic rats was lower than that of Ctrl rats in the 
sixth, eighth and ninth week, and the repair rate of corneal sensitivity were also 
slower, however, topical application of NGF eye drops could promote the repair of 
corneal sensitivity in diabetic rats. The central corneal nerves density of DM + BSA 
group were lower than that of Ctrl + BSA group and the density of DM + NGF group 
was higher than that of DM + BSA group in the eighth and ninth week. The repair rate 















application of NGF eye drops could promote the repair of corneal epithelium in 
control and diabetic rats. The levels of NGF-β were not significantly different in the 
corneal epithelium, corneal stroma and trigeminal ganglion between DM + BSA 
group and Ctrl + BSA group, but the level in the groups treated with NGF eye drops 
were higher in corneal epithelium and corneal stroma than that treated with BSA eye 
drops. The levels of TrkA in the corneal stroma of diabetic rats were lower than that 
of control rats; what is more, the level in corneal stroma was much lower when treated 
with NGF, but the level in trigeminal ganglion was increased. Akt and p-Akt were 
down regulated in the corneal stroma of DM + BSA group, compared with them in 
Ctrl + BSA group, treated with NGF can promote them increased, and p75NTR, β-
tubulin-Ⅲ, Akt and p-Akt were no significant difference in trigeminal ganglion.        
Conclusion: Corneal nerve density, corneal sensitivity and corneal epithelial wound 
healing were decreased in diabetic rats, NGF can promote the repair of corneal nerve 
of diabetic rats, and then improved diabetic keratopathy, the mechanism of NGF 
repairing corneal nerves is associated with NGF-TrkA-Akt signaling pathway. 
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的有中国地鼠、BB (diabetes-prone Bio Breeding) 大鼠、NOD 小鼠，ob/ob、
db/db、KK、NZO小鼠、Obese Zucker、Goto-Kakizaki (GK)、 SHR/N-cp、
OLETF 大鼠等，其中 BB 大鼠和 NOD 小鼠是常用来进行Ⅰ型糖尿病药物研
究的动物模型，ob/ob、db/db和 Obese Zucker 是Ⅱ型糖尿病常用动物模型[16]。
转基因糖尿病动物模型是通过遗传工程的手段对动物基因组的结构或组成进行
定向改变产生的，有关Ⅰ型、Ⅱ型糖尿病和妊娠糖尿病以及青少年发病的成人
型糖尿病转基因动物模型均有报道，例如 KK-Ay 小鼠动物模型，MODY3 模
型杂合体 C57BL/KsJ-db/+ 小鼠等。 
STZ 诱导的高血糖 SD 大鼠动物模型长期以来一直被用于Ⅰ型糖尿病研究，
与其它实验性糖尿病动物模型相比，此模型操作简单，成模率较高并且稳定，



















































物质 （substance P, SP） 用药能够显著促进上皮细胞增殖[29]，在临床试验中，
应用含有 IGF-1 和 SP 的眼药水来治疗出现神经营养性角膜病变和表层点状角
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